When quiescent WI-38 cells are stimulated to proliferate by nutritional changes, the chromatin of stimulated cells shows an increased ellipticity in circular dichroism spectra and an increased ability to bind ethidium bromide. The differences between the chromatins of quiescent and stimulated cells are abolished if both chromatins are treated with 0.25 M NaCl. However, when salt-treated chromatins are reconstituted by dialysis against 10 mM Tris HCI, the differences in circular dichroism spectra and ethidium bromide binding re-appear.
Furthermore, addition of the 0.25 M NaCl extract from chromatin of stimulated cells to chromatin of quiescent cells causes an increased ellipticity in circular dichroism spectra similar to that of stimulated chromatin.
Since only proteins (mostly nonhistones) are detectable in the 0.25-M NaCl extract, these results strongly suggest that the chromosomal proteins extractable with low concentrations of salt are responsible for the functional and structural changes occurring in chromatin of WI-38 cells stimulated to proliferate.
The chromatin of mammalian cells undergoes functional and structural changes during the cell cycle (1-3) and when quiescent Go cells are stimulated to proliferate. Among the chromatin changes described in the early prereplicative phase of quiescent populations of cells stimulated to proliferate are: (i) an increase in chromatin template activity (4-7), (ii) an increase in maximum positive ellipticity in the 250-300 nm region of circular dichroism spectra (8, 9) , (iii) a decreased thermal stability (10) , and (iv) an increase in the number of chromatin binding sites for intercalating dyes such as acridine orange (11) (12) (13) (14) and ethidium bromide (9, 11) . It has also been reported that treatment of chromatin from quiescent and stimulated cells with 0.25 or 0.35 M NaCl causes the disappearance of the differences in chromatin template activity (15, 16) , circular dichroism spectra (8) , and ability of binding the intercalating dye, ethidium bromide (ref. 9; see also review by Baserga, ref. 17) . The fact that low concentrations of NaCl abolish the functional and structural differences between the chromatins of stimulated and quiescent cells suggests that salt extraction removes the component of chromatin responsible for these differences. Extraction with 0.25 M NaCl removes only 8-10% of all chromosomal proteins, most of which have been identified as nonhistone chromosomal proteins (18) , a category of proteins that has recently received a lot of attention as possible regulators of gene expression in general and cell proliferation in particular (17, (19) (20) (21) .
In the circumstances it seemed desirable to determine whether or not the changes induced by salt extraction are Abbreviation: CD, circular dichroism. reversible, and whether similar changes can be induced in chromatin of quiescent cells by the addition of proteins extracted with 0.25 M NaCl from the chromatin of stimulated cells. The present communication relates the experiments carried out in our laboratory to answer these two questions.
MATERIALS AND METHODS
Cell Cultures. WI-38 human diploid fibroblasts (kindly provided by Dr. Leonard Hayflick), were grown as described (22) . Quiescent confluent monolayers on the seventh day after plating were stimulated to proliferate by trypsinizing the monolayers and replating the cells at a lower density in fresh medium containing 10% fetal calf serum (23) . The extent of cell proliferation was determined by counting mitoses in separate Blake bottles, between 20 and 28 hr after stimulation.
Preparation of Chromatin. Chromatin was prepared by the method of Marushige and Bonner (24) , with the modifications introduced by Paul and Gilmour (25) . Chromatin thus prepared has no appreciable contamination by cytoplasmic proteins (26) (27) (28) (29) . The unsheared chromatin pellet was resuspended in 10 mM Tris-HCl (pH 8) and used for determinations of circular dichroism (CD) and ethidium bromide binding.
Determination of Circular Dichroism of Chromatin. CD spectra of unsheared WI-38 chromatin were obtained with a JASCO model J40 recording spectropolarimeter with CD only. The instrument was standardized, as described by Simpson and Sober (30) , while the operating conditions were the same as described (4) . Details on the calibration of the instrument are given in another publication, where we also describe the corrections for light scattering, based on progressive increases in the solid angle of detection (Nicolini et al., submitted for publication). The mean ellipticity 0 is expressed in degree cm2/decimole of nucleotide residue, assuming a mean molecular weight of a nucleotide as 330. All readings were taken in 10 mM Tris-HCl.
Measurement of Ethidium Bromide Binding by CD. Measurements were made on freshly prepared WI-38 chromatin or calf thymus DNA in 10 mM Tris* HCl (pH 8) at a concentration of 140-220 sAM DNA phosphate using a JASCO J 40 spectropolarimeter, following the general methodology of Dalgleish et al. (31) and Williams et al. (32) and the specific conditions described by Parodi et al. (33) . The ellipticity, unless otherwise stated, is expressed in degree-cm2/decimole of ethidium bromide, assuming a molecular weight of 394. Salt Extractions and Reconstitution Experiments. To study the effect of 0.25 M NaCl on CD spectra and ethidium bromide binding capacity of chromatin, the chromatins were suspended in 0.25 AM NaCl and dialyzed against the same solution for 12 hr. CD readings and determinations of ethidium bromide binding were then taken directly in 0.25 M NaCl. The salt-treated chromatins were then redialyzed for another 12 hr against 10 mM Tris HCl (reconstituted chromatins), after which appropriate readings were taken.
In the addition experiments described in Figs. 3 and 4, proteins were extracted from chromatin with 0.25 M NaCl, as described (18) . The chromatin, after extraction with 0.25 M NaCl in 10 mM Tris-HCl (pH 8.3) for 1 hr at 40, was centrifuged at 37,000 rpm for 15 hr at 40 in an SW39L Spinco rotor. The 0.25 M NaCl extract was then added to the chromatin from quiescent cells and the complex dialyzed for 12 hr against 10 mM Tris-HCl before determination of CD spectra.
Separation of Chromosomal Proteins. WI-38 cells were labeled for 7 days, beginning after plating, with 0.2 /ACi/ml of [3H leucine. The chromatin, prepared as above, was washed with 0.25 M NaCl. The pellet, after a 15-hr centrifugation, was collected and the chromatin dissociated in 6 M urea, 0.4 M guanidine, and 0.1 M sodium phosphate at pH 7, as described (34) . Both the 0.25 M NaCl extracts and the supernatants from the dissociated chromatin pellets were fractionated on a Bio-Rex 70 column (34) . The amount of radioactivity in the supernatant and in the pellet was determined in a Triton-toluene solution (35) with a liquid scintillation spectrometer Intertechnique SL30.
Analytical Procedures. DNA concentration of chromatin and concentrations of ethidium bromide were determined, as described (9) . The amount of protein was determined by the method of Lowry et al. (36) . Highly polymerized DNA from calf thymus and ethidium bromide were purchased from Sigma 
RESULTS
In these experiments WI-38 diploid fibroblasts were left to grow in the original medium used for plating until the seventh day. Under these conditions WI-38 cells form confluent monolayers by the fifth day, and on the seventh day DNA synthesis and cell division have all but ceased (22, 37) . Cultures left in the original medium used for plating served as controls, while other groups of cells were stimulated to proliferate.
Changes in CD Spectra. Fig. 1A shows the CD spectra of chromatins from resting confluent monolayers and from cells stimulated by trypsinization and replating for 6 hr. It confirms previous findings by Nicolini and Baserga (9) (1975) so that the spectropolarimetric method can be used to give the number of primary binding sites for ethidium bromide, in percentage of DNA calf thymus (9) . Fig. 2A Fig. 1B shows that the CD spectra of native chromatins become undistinguishable when both chromatins are examined in 0.25 M NaCl. When chromatins previously treated with 0.25 M NaCl were redialyzed against 10 mM Tris HCI, the differences in CD spectra reappeared (Fig. 1C) . This experiment was repeated twice, and while the quiescent chromatin, after salt extraction and dialysis, returned essentially to the same value of native unstimulated chromatin, the stimulated chromatin returned to values that were always distinctly higher than those of chromatin from resting cells, but somewhat lower than the values of native stimulated chromatin. Fig. 2B and C show that similar results were obtained when the number of chromatin primary binding sites for ethidium bromide were determined by spectropolarimetry. It seems, therefore, that treatment with 0.25 M NaCl does not cause irreversible changes in chromatin since dialysis against 10 mMi Tris HCl brings the original chromatins back to their native status (with a small reduction for stimulated chromatin), both in terms of CD spectra in the 250-300 nm region and of the number of intercalated ethidium bromide molecules. It should be noted that salt extraction and dialysis result in the loss of not more than 5% of the total chromosomal proteins (not shown).
Addition Experiments. In the experiments of Figs. 3 and 4 we attempted to determine whether addition of proteins extracted from chromatins with 0.25 M NaCl could modify the CD spectra of chromatin from quiescent cells. We extracted the chromatin of stimulated cells with 0.25 M NaCl and added the extract to whole chromatin from quiescent cells, followed by dialysis in 10 mM Tris * HCl. Fig. 3 shows that the addition of the 0.25 M NaCl extract from chromatin of stimulated cells caused an increase in maximum positive ellipticity of quiescent chromatin toward the direction of stimulated chromatin. It was necessary to use an excess of proteins extracted by 0.25 M NaCl. In the experiment of Fig. 3 from which the extract was prepared was 10 times the amount of unstimulated chromatin to which the extract was added. If the amount of extracted proteins added to the quiescent chromatin was reduced to one-third of the amount of Fig. 3 , there was only a small increase in the positive ellipticity of the unstimulated chromatin. However, these results are not due to aspecific changes caused in chromatin by the amount of proteins added. When an excess of proteins extracted from unstimulated chromatin by 0.25 M NaCl was added to unstimulated chromatin at a 10:1 ratio, the CD spectra of unstimulated chromatin remained unchanged (Fig. 3) . This experiment was repeated once with serum-stimulated chromatins and gave the same results (not shown). However, addition experiments were totally negative in terms of ethidium bromide binding. Fig. 4 shows that addition of an excess of 0.25 M NaCl extract (regardless of whether from stimulated or quiescent chromatin) to chromatin of quiescent cells results in a marked decrease in the number of primary binding sites for ethidium bromide. The extract: chromatin ratios were the same as in Fig. 3 .
Effect of 0.25 ill NaCI on CD and Ethidium Bromide Binding of DNA. In previous experiments (8, 9) , it was shown that the differences in CD spectra, chromatin template activity, and ethidium bromide binding sites between chromatin of stimulated and resting cells were abolished when the chromatins were extracted with 0.25 M NaCl, centrifuged, and resuspended in 10 mM Tris * HCl. In the present experiments, CD spectra and ethidium bromide binding sites were determined directly in 0.25 M NaCl in order to avoid the criticism of a possible effect of a second centrifugation on the structure of chromatin. This methodology raises, though, another objection, i.e., the possible effect of NaCl itself on Analysis of Salt Extract. The proteins of the salt wash were analyzed on a Bio-Rex 70 column as described in Materials and Methods. Fig. 5 shows that 95% of the radioactive proteins extracted from chromatin by 0.25 M NaCl are eluted on a Bio-Rex 70 column in the nonhistone region, while only 5% appear in the histone region. This small amount of radioactivity in the histone region could be due either to F1 histone (whose removal is supposed to begin at 0.3 M NaCl) or simply to the fact that some nonhistone proteins elute in the histone region (43) .
DISCUSSION
The data presented in this communication have confirmed the findings of previous investigators that in Go cells stimulated to proliferate, there are changes in the CD spectra of chromatin and in the number of chromatin primaryebinding sites for the intercalating dye, ethidium bromide (8, 9, 11, 17) . These changes are related to the stimulation of cell proliferation (see review by Baserga, ref. 17) and are not an artifact of chromatin preparation since they have also been reported in nuclei. of stimulated cells (9, (11) (12) (13) (14) .
The data presented in this communication also clearly show that the changes induced in chromatin by extraction with 0.25 M NaCl are reversible. While we are aware that chromatin reconstitution experiments are open to criticism (44, 45) , reconstitution in these experiments was carried out in a simple way, by dialysis against Tris-HCl of the salt-treated chromatin, thus avoiding the considerable protein losses that occur when the entire chromatin is dissociated into its components and reconstituted. Addition of the 0.25 M NaCl extract from chromatin of stimulated cells to the chromatin of quiescent cells causes a change in CD spectra toward the values of native chromatin from stimulated cells. To obtain this result, however, it is necessary to add a considerable amount of 0.25 M NaCl extract to the chromatin of quiescent cells. In our experiments, convincing results were obtained only when the 0.25 M NaCl extract obtained from the chromatin of 10 
